Abstract. We show that the binary code C of the projective Hall plane H q 2 of even order q 2 where q = 2 t , for t ≥ 2 has words of weight 2q 2 in its hull that are not the difference of the incidence vectors of two lines of H q 2 ; together with an earlier result for the dual Hall planes of even order, this shows that for all t ≥ 2 the Hall plane and its dual are not tame. We also deduce that dim(C) > 3 2t + 1, the dimension of the binary code of the desarguesian projective plane of order 2 2t , thus supporting the Hamada-Sachar conjecture for this infinite class of planes.
Introduction
The p-ary code of a projective plane Π of order n is the row span over F p of an incidence matrix for Π. If n is divisible by p the code has minimum weight n + 1 and the minimum words are the scalar multiples of the incidence vectors of the lines; this is an early result in the study of codes from planes, and is easily proved (see [1, Theorem 6.3 .1]). For desarguesian planes Π = P G 2 (F q ), where the order is q = p t , p a prime, if C is the code of Π over F p , and C ⊥ its dual (orthogonal), then C ∩ C ⊥ , called the hull of Π or C, has minimum weight 2q and the minimum words are the scalar multiples of the differences of the incidence vectors of two lines: this is from work of Delsarte, Goethals and MacWilliams, and quoted in full in [1, Chapters 5, 6] , with the relevant references. This property led to the concept of a tame projective plane which was introduced in [1, Definition 6.9.1] as a tool in the search for a codingtheoretic classification of projective planes. Thus a projective plane of order n is tame at a prime p, where p divides n, if the hull of the plane has minimum weight 2n and the vectors of weight 2n are precisely the scalar multiples of the differences of the incidence vectors of two lines. It follows that the desarguesian planes are tame, but at present no other planes have been shown to be tame, and many of small order have been shown not to be tame, either because the minimum weight of the hull is not 2n (see [5] ) or, more frequently, that there are words of weight 2n that are not scalar multiples of the differences of the incidence vectors of two lines. We show here that the Hall planes of even order 2 2t for t ≥ 2 are not tame by exhibiting words of weight 2 2t+1 in the binary hull that are not differences of the incidence vectors of two lines. Using also a result in [7, Corollary 3] , this shows that the even order Hall planes and their dual planes are not tame for all even orders n > 4.
Another outstanding conjecture concerning codes from projective planes is the Hamada-Sachar conjecture that the desarguesian planes always have codes of smaller dimension than those of non-desarguesian planes: see [1, Conjecture 6.9.1] (quoted below in Sect. 2, Conjecture 1), or, more recently, [12] . In practice this has been demonstrated computationally for many individual planes of small order. We show here that the Hall planes of even order q = 2 t have binary codes with dimension greater than that of the desarguesian plane, i.e. greater than 3 t + 1, thus reaffirming the conjecture for an infinite class of planes.
We will prove the following proposition through a series of lemmas.
Proposition 1. Let q = 2
t , t ≥ 1, and Π = P G 2 (F q 2 ). Let δ be a Baer segment on a line . If P is any point in δ and 1 , 2 any two lines through P other than , then there is a set of
If L denotes the set of lines of Π that meet in \δ, and 
The proof is in Sect. 3. Section 2 gives some definitions and background results and questions. The last section mentions some computational observations we have made for planes of low order.
Terminology and notation
Standard terminology for designs and codes is used as in [1] and for planes as in [6] . An incidence structure D = (P, B, I), with point set P, block set B and incidence I is a t- (v, k, λ) design, if |P| = v, every block B ∈ B is incident with precisely k points, and every t distinct points are together incident with precisely λ blocks. A 2-(n 2 + n + 1, n + 1, 1) design, for n ≥ 2, is a finite
